There are not wanting sceptics who deny to X-radiation any value in connexion with operations for carcinoma. Their error is most clearly seen when we consider the value of post-operative radiation in the prevention of implantation recurrence. I have in mind three cases in which. suibsequent to the removal of internal abdominal malignant growths, nodular lumps appeared in the abdominal wall.
The first case was that of an American woman who had a gastrectomy performed in Chicago for carcinoma. Some months after the operation a painless nodule appeared in the sear just above the umbilicus. It grew rather rapidly and ulcerated, but she appears to have taken no advice. When I saw her for the first time a prominent fungating circular mass, about eight inches in diameter, occupied the epigastric region. I judged it inoperable, though she had no visceral troubles, and no sign of visceral recurrence. She died a few months later after much suffering.
The second case was operated on by a colleague for a caecal carcinoma of low malignancy. with complete success. Five years later two nodules appeared in the abdominal scar and grew rather rapidly. They were treated two months ago by interstitial radium reinforced by deep X-rays. The nodules have shrunk, but it is too soon to estimate the final result.
The third case was a curious one, in which an acute appendicitis had infected a right malignant ovarian tumour. I removed the tumour and the appendix by a median hypogastric incision. Some months later after the wound had healed, a thickening, soon becoming nodular, appeared in the abdominal scar. It rapidly increased in size. After treatment by interstitial radium the lump shrank and disappeared, though a fibrotic thickening remains. The patient remains well two years after the treatment.
This short series of cases illustrates the reality of the danger of the implantation of floating cancer cells in an operation wound, the long latent period which may elapse before the recurrence, and the effectiveness of radium radiation in dealing with the condition. It may be inferred with absolute certainty that if radium can destroy massive implantation recurrences, it would a fortiori, if applied just after the operation, destroy the microscopic cancer cells which are the seed from which the recurrence grows. For this purpose deep X-rays would probably prove as effective as radium and more convenient.
The facts of implantation recurrence, even when they are considered alone, provide a wide field for the post-operative employment of deep X-rays. There are indeed few cases in which the possibility can be excluded. A short couirse of deep X-rays should be applied to the scar after operation in all cases of gastric, intestinal, or pelvic malignant disease, as well as in breast cancer and in operations for malignant glands of the neck. Some surgeons in certain cases will prefer the insertion of radium tubes in the wound at the time of operation.
In regard to implantation recurrence, pre-operative radiation need hardly be considered, unless it is believed that pre-operative radiation can be made so effective that every cell in the growth is deprived of its power of proliferation. But in that case operation is superfluous. As a preventive of implantation post-operative radiation holds the field.
We now come to the crucial point of this discussion. Is it better, in cases in which doubt is felt as to whether operative removal of a disseminating growth can be made complete, to apply supplementary radiation before or after operation. I refer mainly to cancer of the breast. In dealing with the problem I am met by the difficulty that I have never advised pre-operative radiation, except in rare cases as a possible means of converting a fixed inoperable growth into a mobile one.
I must admit that my decision against pre-operative radiation is based on a priori grounds and may be considered a prejudice. My reasons are as follows: Pre-operative radiation involves unnecessary and undesirable delay in the performance of the operation. During the time of waiting the deep microscopic extensions of the growth which are its most dangerous part have time to make further advance. I believe some who practice the method postpone the operation for as long as three months. The delay would not matter if it were certain that meantime these deep extensions are kept inactive by the radiation treatment. But the evidence is the other way. In cases treated by X-rays only it is my experience that as a rule, while the primary growth shrinks and becomes mobile, dissemination proceeds unchecked.
It is certainly very difficult, even with modern apparatus and methods, to convey to any considerable depth beneath the skin a dose of X-radiation lethal to carcinoma cells. To attempt the irradiation of carcinoma cells in the pectoral fascia or in the pectoral muscle, through the whole thickness of a voluminous mamma is to impose an extreme handicap. But when the breast has been removed even deeper layers, such as the intercostal muscles or the pleura, are brought within a short distance of the skin, and exposed to the full force of the radiation. Certain of the glands, namely the apical glands of the axilla and the internal mammary glands, are so sheltered that I doubt whether they can be dealt with by any dose of X-rays that the overlying skin can tolerate. But the apical glands can be removed, and the internal mammary glands can be treated at the time of operation by interstitial radium tubes.
No proof has yet been supplied that X-radiation is able to destroy carcinoma cells in the internal mammary glands. I have supplied proof that interstitial radium is competent for the purpose. Even in advanced cases with sternal prominence and softening, and parasternal nodules in the intercostal muscles, interstitial radium may be successful. I show the patient in one such case, well-twelve years after interstitial radium treatment.
Beatson in Glasgow, and Hugh Lett in London, found occasional benefit, in cases of breast cancer, from oophorectomy. Now that a functional oophorectomy can be carried out by X-radiation, Grantley Taylor considers that a further trial of the effects of radiation castration should be made. The suggestion does not appear hopeful, since Ahlbom in 163 cases of breast cancer sterilized at the Radiumhemmet concludes that radiation-castration combined with local radiation therapy is no more advantageous than local radiation alone. It is often forgotten that breast cancer occurs more frequently after the menopause than before. The only real advantage of castration is that subsequent pregnancy is prevented; this end is more easily attained by contraceptive methods. There is no doubt that subsequent pregnancy is very dangerous; Trout states that out of 15 cases of pregnancy subsequent to breast cancer, 13 cases promptly developed carcinoma in the remaining breast.
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Section of Surgery and Section of Radioloqy 1175 F. E. Adair and F. W. Stewart at the Memorial Hospital have made a careful attempt to determine the value of pre-operative radiation in operable cases. In from two to three months operation followed arid the specimen was carefully examined. Thirty-nine cases were subjected to radiation fromat radiumi pack containing 4 grm. at a distance from the skin of 6 cm., uising five ports. The dose was from 20,000 to 44,000 M.C.H. per port. In 28 per cent. of cases the tumour was found to hlave completely disappeared, and in 13 per cent. no growth was found in the glands. Viable cancer was still present in the breast in 28 per cent. and in the glands in 73 per cent. of cases. The authors hope, by introducing right along the line of the axillary vein a catlheter containing a continuous line of radium tubes, to improve their restults. Forty-two cases received pre-operative treatment by 200 kv. X-rays. Operation showed that the growth in the breast had been destroyed in 1635 per cent., but in no case s the growth in the glands destroyed. Active viable growth remained in the breast in 43 per cent. of cases, and in the axillary glands in 100 per cent. of cases.
Dr. W. M. Levitt: I propose, in the first instance, to state the case for the combination of surgery with radiations in the treatment of carcinoma of the breast, for it is in this condition that the question of a combination of the two methods of treatment most frequently arises. Secondly, I shall discuss the questions that arise when the two methods are combined-such as the sequence in which they should be applied and the length of interval betweein them. Finally, I shall try to give ain (analysis of the practice with reference to these questions in certain leading foreign clinics.
Let us, first of all, consider the operable case. The value of surgery alone at this stage is now fairly accurately known, and few who have observed the results of modern (leep X-ray and radiuim therapy would deny that these methods also have a certain value. The results of radium therapy alone in primary carcinoma of the breast have b)een published by Keynes and others, and they are sufficiently well known. Comparable results of deep X-ray therapy alone are not so easy to assess, since so few cases are sent for this form of treatment in an operable stage. However, results in inoperable cases and in post-operative recurrences place it beyond question that X-ray therapy can secure a percentage of five-year results. Thus, in a small series of cases of post-operative recurrences treated at St. Bartholomew's Hospital, 22% of the patients were alive and well five years after treatment, while in a recent address by Holfelder to this Section,1 a slightly higher figure was reported in a rnuch larger series of cases, Surgery alone, and radiations alone, are therefore eachcapable of providingt sonie successes when used in the treatment of carcinoma of the breast. A differenlt set of women would, however, be saved by the operative treatment from that whichl wouild be saved by radiation treatment, for the factors which make for radiosensitivity and operative success, respectively, are widely different, and eveln i some respects antagonistic. The factors determining operability might be ternme(I mlainly mechanical, andif the disposition of the cells is sufficiently favourable, the patient will be cured by operation, however radio-resistant the growth may be.
Radio-senisitivity, on the other hand, depends upon certain obscure biological properties in the cell, and many a radio-sensitive growth can be eradicated by irradiation, even though completely inoperable.
Let us assume that we combine our two methods of treatment surgerv an(d radiations. We next have to decide how we are to combine them: Shouldthe irradiation precede or follow the operation ? How long is to be allowed to elapse after the one and before the other ? What modifications are to be ma(le iII the techniques of each ? What are the dangers ? and, finally, should X-rays or raditiuu b)e uised in the irradiation ' Section of Radiology, Novemiiber 20, 1936, Proceedings, 30, 77:1. In the past it has been the common practice to carry out the radical operation first, and to regard the X-ray therapy as a rather doubtful safeguard following the operation. Often, encouraged perhaps by the surgeon, the radiologist has fallen into the error of being satisfied with a much less thorough irradiation than he would have given in a case with definitely appreciable disease. Clearly this is bad practice, since the carcinoma cell requires a lethal dose of radiations, whether it is living in small colonies which have escaped the surgeon's knife, or in large colonies which are clinically appreciable. Moreover, it has to be distributed to just as wide an area, since the chest wall and all the glandular areas on that side require to be dealt with.
With modern methods of deep X-ray therapy, the general condition of the patient does not suffer severely, even with the thorough irradiation advocated, and the effect on the blood-count is almost negligible. Partly because of the tendency in the past to under-treatment in these cases, post-operative irradiation has not so far produced any very spectacular improvement in the published results, although there is little doubt that the percentage of local recurrences is materially decreased. Another factor which has adversely influenced the results in post-operative series of cases, is that few surgeons send their patients for irradiation as a routine measure, but only when it is believed that the operation has not succeeded in removing all the disease.
The surgeon is usually found to favour post-operative irradiation, and his objections to pre-operative irradiation have been presented by Mr. Sampson Handley. There is, first of all, undesirable postponement of the operation. It is true that the irradiation does entail postponement of the operation for from four to six weeks.
Secondly, it is true that the progress of secondary deposits is uninfluenced by local irradiation. But it is equally true that the progress of secondary deposits is uninfluenced by immediate surgery. The question is, whether the radiation treatment is capable of preventing the occurrence offresh secondaries, and if so, at what stage in the treatment it becomes effective in doing this. It is probable that the treatment is so effective, and that this stage is reached in about a fortnight after the beginning of the radiation treatment; and surely the danger to the patient during this fortnight must at least be offset by the reduced danger of implantation and dissemination at the operation. Another objection-that it is difficult to convey an adequate dose to any considerable depth beneath the skin without risk to the normal tissues-does not hold in so far as high-voltage therapy is concemed, since the same dose can safely be delivered, at any required depth, as can be tolerated by the skin. The objection that deep X-rays may lower the vitality is to some extent true, but when high voltage rays are used, the difficulty of the operation is not seriously increased. Finally, the objection that the internal mammary and apical axillary glands cannot be adequately irradiated does not hold when hard, i.e. high-voltage, rays are used, since these rays pass through bone almost as readily as they do through the softer tissues, and adequate deep dosage is easily obtained. In favour of pre-operative irradiation, we have also to consider the fact that there is definite experimental evidence, not only that the irradiated carcinoma cells are much less likely to flourish if implanted in a new site at the operation, but also that carcinoma cells are much less likely to take root when implanted into irradiated tissue. Moreover, clinical observation shows that in the majority of cases considerable reduction in the size of the growth follows the irradiation, and this must clearly be interpreted as damage to the tumour cells. It is, however, a curious fact that although in many cases microscopical examination of a previously irradiated growth shows obvious radiation injury, in other cases large tracts of carcinoma cells may be apparently unaffected. Holfelder has recently adduced some evidence to show that the X-ray damage affects principally the genes of the nucleus, and that although the cell irradiated may continue to live an apparently normal life, it is still incapable of reproduction. In this way, the well-known delayed effect of radiations may be accounted for. ltwill be seentlatthere is a stroigcase for pre-o)erative irradiationl. The surgeon will still, however, want to know whether it is safe to operate in a region wlhichhas beeni previously mnore or lessheavily irradiated. It cannot be denied that with maximum X-ray dosage preceding the operation, a number of disasters have occurred, miainly due to sepsis, and in order to render the method safe, some reductioni in ra(liation dosage isnecessary. This deficiency in dosage should, however, bemade up by a supplementary course of radiation treaitment as soon as the patienit has stufficiently recovered from the operation. This, as we shall see, has become the })ractice in certaini leading foreign clinics, andI experiencehas show%In that the methlod is safe, and thathealing occuirs satisfactorily after the operation.
The next question is as to the intervalbetween the irradiation and the operation, aln(l vice versa.
In the case of post-operative irradiation only, the sooner the irradiation is begtun. the better. In a number of cases treated at St. Bartholomew's Hospital, X-ray treatment has been applied as early as the second or third day after the operation, without any untoward result being observed. As a rule, however, it is better to wait unitil the stitches have been removed.
When pre-operative treatment is being given, the operation should be carried out either immediately after the completion of the irradiation, so that healing may be well under way before the stage of reaction from the rays is reached, or from four to six weeks after the completion of the irradiation, i.e. after the X-ray reaction hats suibsided. The latter interval, four to six weeks, is that most usually selected. For the supplementary post-operative course an interval of two or three weeks may be allowed.
As regards the modifications in technique, the reduction of dosage in the pr)moperative irradiation and its compensation by a supplementary post-operative course have already been mentioned. It has not been found that any modification is called for in the radical operation, provided that undue tension on the stitches is avoided. The use of the diathermy knife in the operation does not appear to increase the risks.
Finally, we have to consider whether X-rays or radium should be used in the irradiation. When post-operative irradiation only is being considered, there is scarcely a choice, since the field is unsuitable for interstitial radium and as between X-ray therapy and any form of surface radium, there can be no question that X-ray therapy offers the most satisfactory means of applying an adequate and uniform irradiation to the wide area necessary, while ensuring protection of the deeper structures. With modern methods of deep X-ray therapy, protection of internal structures is easily obtained by tangential methods of treatment.
With regard to pre-operative irradiation, I do not think it matters much whether this is carried out by interstitial radium or by deep X-ray therapy. It is probable that a better irradiation of the apex of the axilla and supraclavicular region, and especially of the region behind the clavicle, is afforded by X-rays. Another point in favour of X-rays is that the administration of an aneesthetic is avoided, but it must be remembered that the X-ray treatment is more tedious, in that it requires about three weeks to complete.
I have dealt mainly with operable carcinoma of the breast, because it is here that the problem of pre-and post-operative irradiation most frequently arises. In cases of inoperable carcinoma of the breast, it frequently happens that X-ray treatmient, not intended as a pre-operative irradiation, leads to such a satisfactory restult that the condition becomes operable. In such cases, irradiation has been carried out with full dosage, and the radiologist is frequently asked whether it is safe to operate. The answer is that it is perfectly safe, so long as a complete radical operation is not attempted. I have already referred to the fact that sepsis is a complication in the radical operatiomi in a certain number of cases in which pre-operative irradiation has been carrie(d out with full dosage. In my opinion, local removal of the breast is of great value in these cases following X-ray treatment, and it should be undertaken wherever possible, even if the growth has completely disappeared as a result of the X-ray treatment and the patient appears to be perfectly well. A breast which has once been the site of a carcinoma always remains a menace to the patient, whether it has been successfully treated by X-rays or by ra(lium.
The general principles of the combination of surgery with radiations that have been discussed in connexion w-ith carcinoma of the breast apply equally to malignant (lisease in other sites excluding, however, radio-resistant growths such as carcinoma of the bowel, and fibrosarcoma. There is one group of malignant disease, however, to which I should particularly like to refer-that of the retroperitoneal growths of infancy and childhood. These, whether arising from the kidney or some other site, are nearly always radio-sensitive. Even hopelessly inoperable growths may often be rendered operable by X-ray treatment, an(d in many instances growths of ino(lerate size apparently completely disappear. I would strongly urge that preoperative irradiation should be carried out in these cases, not only because it reduces the size of the growth and thereby renders operation easier, but also because the risk of dissemination at the operation is almost certainly markedly decreased. Supplementary post-operative irradiation should be given in the same way as for carcinoma of the breast. In my own practice I always begin the treatment of these cases on the assumption that by irradiation alone I shall be able to get rid of the tumour. The irradiation is planned to this end, and an excision of the breast and adjacent structures is only Section of Surgery and Section of Radiology 1179 performed when it has been realized that irradiation by itself is not going to be successful.
If, when the patient is first seen, it is decided that operation is to be performed, preoperative irradiation can be given for the following purposes:
(1) To reduce the size of the tumour by getting rid of those cells which are most radio-sensitive.
(2) To render the tumour more mobile, that is, to reduce the amount of infiltration, both neoplastic and inflammatory, in the tissues surrounding the tumour.
(3) To lessen the vitality of all the tumour cells, so that if during the operation any of them are sewn on to the surface of the wound, or squeezed into the lymphatic stream, there is less chance of their surviving to form local recurrences or distant metastases.
It is difficult to decide how much irradiation should be given before operation.
for the purposes enumerated above to be best served. In the majority of tumours there are a certain number of very radio-sensitive cells and a very small dose of X-rays is therefore better than none, but it is wiser to give such a dose of X-rays as will kill off all those tumour cells which can be got rid of without any lasting damage to the normal surrounding structures. In the absence of a radium beam, this is best done by means of X-rays. The actual technique' employed is capable of many variations, but it may be said, generally, that using 200 kv. and a Thoraeus filter, some 4,500 r should be delivered within three weeks to every part of the patient which is assumed to contain carcinoma cells. After such an irradiation there will be a reaction of the skin which will make it neQessary to postpone the operation for about another three weeks, but by the end of that time a radical operation may be performed.
The healing of the operation wound after such irradiation is definitely slower than if there had been no irradiation, and if so much skin has been removed as to leave an open wound, an immediate skin-graft will not take, granulations will not form for a long time, and it is generally advisable to postpone secondary grafting for about two months.
Post-operative irradiation is only given on the assumption that the operation has left some tumour cells behind it, and it is necessary to decide where such tumour cells may be before it is possible to treat them by irradiation. It is generally assumed that tumour cells sewn on the wound surface during the operation would be more rapidly destroyed than cells growing in a tumour. This is unlikely to be true, for cells that are in a resting-state and cells that are partially asphyxiated are more radioresistant than cells forming a part of a growing tumour, and there is no reason to believe that a small, even microscopic deposit, requires less irradiation to kill it than a large one. The only important thing is that each cell of the tumour, whether large or small, must receive the necessary amount of irradiation in the proper time. After a radical operation for the breast it is not possible to deliver to that part of the Wound over the chest-wall, which may be the seat of insemination, an effective \rcinoma-killing dose of irradiation without doing lasting injury to the skin, and especially is this true when an extensive skin removal has been necessary, with resulting cicatricial changes in the skin and subcutaneous tissue.
For these reasons I very much doubt whether it is desirable to give any routine post-operative irradiation to the site of the breast, epigastrium, or lateral aspect of the chest-wall. Such irradiation is likely to stop short of anything that can be really effective, and yet may make it impossible to treat by irradiation any recurrence of the growth. If, or when, there are such recurrences in this area, they can be treated easily and successfully by radium, which causes little constitutional disturbance to the patient and can be confined to the immediate neighbourhood of the recurrence.
The position is different, however, with regard to the axilla. The glands at the apex of the axilla and in the supraclavicular region are difficult to eradicate completely and are a not-uncommon site of recurrence of the growth. Both these regions can be effectually irradiated, i.e. irradiation can be so arranged that everv lymph-gland in these regions can receive a carcinoma-killing dose without causing more than a temporary inconvenienee to the patient. This I think should be done for every patient after operation for carcinoma of the breast, and it is an advantage for it to be done as soon as possible, there being no need to wait until the wound has healed before the irradiation is commenced.
The problem of retrosternal and internal mammary glands has not yet been solved. To plant radium tubes at the inner ends of the intercostal spaces after operation is a hit-or-miss method, of very doubtful efficacy, but may be used on the grounds that if it often misses and sometimes hits it may be worth w-hile. If such a method is employed it is desirable that iso-dose curves representing the intensity of the field of irradiation round such tubes should be carefully considered, and tubes of such size and strength should be used that a dose of not less than 6,000 r should be delivered at the distance from the tubes wA-hich the internal mammary glands are assumed to be.
In speaking of irradiation, I have not drawn any distinction betw-een X-rays and radium. If large enough quantities of radium are available, probably the best results would be obtpined by using a radium beam for the whole of this work, but in the present circufastances it 'is necessary to use X-rays for all those cases in which it is assumed the tumour cells are deeper than about 1 cm. from the surface. For very superfi:cial tumours, such as local recurrences after operation, applications at a few millimetres from the surface form the best means of treatment, wiith little discomfort to the patient.
I have tried to speak on the general subject of pre-and post-operative irradiation for carcinoma of the breast, but even in this part of the body it wN-ill often be foundthat if an effective pre-operative irradiation is given, the whole tumour will entirely disappear before the operation is undertaken. This is particularly true in rapidlvgrowing ill-defined tumours in young wromen, a,nd I think it unlikelv that removal of such a breast is of any benefit to the patient. Many such patients will return with many metastases in different parts of the body, and never show any signs of recurrence of the local tumour.
The principles that I have laid down are applicable to all parts of the body other than the breast. Whenever it is proposed to remove a carcinoma, adequate irradiation before the operation is likelv to prevent local recurrences and to lessen the likelihood of metastases being caused by the operation itself. Post-operative irradiation should always be employed where it is known or assumed that carcinoma cells have been left behind, and the amount given must be the full dose which we know is necessary to get rid of carcinoma. Suspected metastases, even at a distance from the primary site, should always be treated when they are accessible to irradiation and not so numerous as to render the effective treatment of all of them impossible. I woould, however, urge that no attempt be made to treat the patient before metastases are suspected, with the idea preventing their occurrence. There is no such thing as " prophylactic " irradiation. I should very much like to see the term " prophylactic in connexion with irradiation completely abolished. Its use is misleading and frequently gives rise to a patient receiving inadequate treatment, or treatment to an area thatshould be left a lone until there is evidence of malignant disease there.
